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USE - Conductor that forms a key contact for portable telephone. Also for use in 
brush electrode for motor, contact for connector. . 

ADVANTAGE - Since the contact of the conductive films contains conductive hard 
carbon, the contact is provided with enhanced oxidation-resistance, strength, and 
wear- resistance. Thus, even if the number of contacts increases, degradation of the 
contact is suppressed to provider longer useful life. 

DESCRIPTION OF DRAWING(S) - The figure shows a schematic cross-sectional view of 
the structure of conductor. 

Conductive DLC films la, lb 

Conductor 10 

ABSTRACTED- PUB-NO: US20020022389A 
EQUIVALENT-ABSTRACTS : 

NOVELTY - Conductor (10) has conductive Diamond-Like Carbon (DLC) films (la, lb) 
which are mutually brought into contact, for electrical connection. At least one 
conductive film (la) contains- conductive hard carbon at the contact portion, with 
respect to another conductive film (lb) . 

USE - Conductor that forms a key contact for portable telephone. Also for use in 
brush electrode for motor, contact for connector. . 

ADVANTAGE - Since the contact of the conductive films contains conductive hard 
carbon, the contact is provided with enhanced oxidation-resistance, strength, and 
wear-resistance. Thus, even if the number of contacts increases, degradation of the 
contact is suppressed to provider longer useful lite. 

DESCRIPTION OF DRAWING (S) - The figure shows a schematic cross-sectional view of 
the structure, of conductor. 

Conductive DLC films la, lb 

Conductor 10 

CHOSEN-DRAWING: Dwg.1/12 

DERWENT-CLASS : V03 V04 V06 WOl Xll X12 ^ 
EPI-CODES: V03-A01B; V03-A02; V03-C01A2; V04-F;. V04-L01B; V06-M12; W01-C01B8E; WOl- 
C01D3C; X11-J03; X12-D02X; 

Previous Doc Next Doc Go to Doc# 



http://westbrs:9000/bin/gate.exe?f=doc&state=ljaeb2.84. l&ESNAME=FRO&p_Message=&... 5/1 1/06 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

23.01.2002 Bulletin 2002/04 

(21) Application number 013060i53.7 

(22) Date of filing: 13.07.2001 



(11) EP1 174 885 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H01BS/16 



(84) Designated Contracting States: 


• Okuda, NobuyukI 


AT BE CH CY DE DK ES Fl FR GB GR IE rTLI LU 


Itami-shi, Hyogo (JP) 


MC NLPTSETR 


• Sogabe, Koichi 


Designated Extension States: 


ttami-shl, Hyogo (JP) 


AL LT LV MK RO SI 


• Yamanake Shosaku 




Itaml-shI, Hyogo (JP) 


(30) Priority: 13.07.2000 JP 2000212617 






(74) Representative: 


(71) Applicant: SUMfTOMO ELECTRIC INDUSTRIES, 


Cross, Rupert Edward Blount et al 


LTD. 


BOULT WADE TENNANT, Verulam Gardens 70 


Osaka-Shi, Osaka 541 (JP) 


Gray's Inn Road 




London WC1X8BT(GB) 


(72) Inventors: 




• HIkata, Takeshi 




Itami-shi, Hyogo (JP) 





(54) Conductor 

(57) A conductor (1 0) of the present invention has a 
conductive DLC fi!m (1b) fonned on a conductive base 
(2b). A conductive DLC film (1a) is fomied on a conduc- 
tive base (2a) and is supported by a conical spring elec- 



trode (3) to be In contact with the conductive DLC film 
(1 b). Thus, a conductor is obtained which has good wear 
resistance and oxidation resistance and which is suita- 
ble for bringing conductive parts into contact. 
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Description 

[0001] The present invention relates to conductors and, more specifically to a conductor having a plurality of con- 
ductive parts which are brought into contact for electrical connection. 
5 [0002] Conventional examples of contact portions of conductive parts which are brought Into contact for electrical 
connection include a usual metal, organic conductive material such as carbon, and noble metal material. 
[0003] However, the usual metal tends to be oxidized and become insulative. In addition, the metal tends to wear 
because of Its poor strength, and the useful life thereof is short. 

[0004] Simllariy, the organic conductive material also tends to wear because of its poor strength, and the useful life 
io thereof is short. 

[0005] The noble metal matelzal has been used as a conductive material having resistance to oxidation. However, 
it tends to wear because of its poor strength. As such, the noble metal material has a short useful life and is expensive. 
[0006] An object of the present invention is to provide a conductor which has good wear resistance and oxidation 
resistance and which easily allows conductive parts to be brought into contact. 
15 [0007] A conductor of the present invention refers to a conductor having a plurality of conductive parts which becomes 
conductive when the a plurality of conductive parts are brought into contact. At least one conductive part of the plurality 
of conductive parts has a film containing conductive hard carbon at a contact portion with respect to another conductive 
part. 

[0008] According to the conductor of the present invention, the conductive hard cartoon is contained at the contact 
20 portion of the conductive parts. Thus, the contact portion has enhanced oxidation resistance, strength, and hence wear 
resistance. Accordingly, even if the number (or time) of contacts between the conductive parts Increase, degradation 
of the contact portion is suppressed to provide a longer useful life. 

[0009] In the above mentioned conductor, preferably, the film containing the conductive hard cartson has a resistivity 
of at least 5x10-^ U cm and at most 1 QQ cm. 
25 [0010] Thus, the contact portion has a low contact resistance. 

[001 1] Preferably, the above mentioned conductor switches between electrically connected and disconnected states 
as the states in which the plurality of conductive parts are In contact and out of contact are switched. 
V [0012] Thus, the conductor for an electrical contact with excellent wear resistance and oxidation resistance can be 
provided. 

30 [0013] In the above mentioned conductor, preferably, the contact portion of at least one of the plurality of conductive 
parts and another conductive part slides or opens/closes. 

[001 4] Because the contact portion is adapted to slide or open/close, the contact portion with excellent wear resist- 
ance and oxidation resistance that can slide or open/close can be provided. 

[0015] in the above mentioned conductor, preferably, the film containing conductive hard carbon is fonned by vapor 
35 deposition. 

[0016] Thus, the film containing conductive hard cari^on can be readily fomned by vapor phase epitaxy such as CVD 
(Chemical Vapor Deposition) or PVD (Physical Vapor Deposition). 

[0017] In the above mentioned conductor, preferably, the film containing conductive hard carbon includes a conduc- 
tive material having a resistivity lower than that of the conductive hard carbon. 
40 [0018] Thus, the conductive material can provide a higher conductivity while ensuring hardness by the conductive 
hard cover. In addition, since the conductive hard cartson and the conductive material can be fomied simultaneously, 
a manufacturing process would not become complicated. 

[0019] In the above mentioned conductor, preferably, the conductive materials are distributed in the film containing 
conductive hard carbon in the thickness direction of the film containing conductive hard carbon. 
45 [0020] An electrical path in the conductive hard cariDon that has a relatively high resistivity can be reduced in length, 
whereby the conductive part is provided with a higher conductivity. ^ 

[0021 ] In the above mentioned conductor, preferably, the conductive hard cartoon is provided in the thickness direction 

of the film containing conductive hard carbon from the upper surface to lower surface of the film. 

[0022] Thus, the film containing conductive hard cartoon can be provided with a higher conductivity and good adhesion 
so In the thickness direction. 

[0023] In the above mentioned conductor, preferably, the film containing conductive hard carbon is formed at any of 

a key contact, plug contact, printed circuit board contact, and sliding contact. 

[0024] Being fonned at any of these contacts, the film can suppress degradation of the contact. 

[0025] In the above mentioned conductor, preferably, the film containing conductive hard carbon is fonmed on a 
55 surface of a linear element. 

[0026] Thus, a bristle with good wear resistance can be provided. 

[0027] In the above mentioned conductor, preferably, the linear element having the film containing the conductive 
hard cartoon on its surface is contained in a base including a metal or cartx>n. 
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[0028] Thus, a sliding electrode material with good wear resistance can be provided, 

[0029] In the above mentioned conductor, preferably, the films containing conductive hard cartoon are formed on the 
surfaces of conductive fibers, which are woven. 

[0030] Thus, a contact can be formed with an elastic and highly durable spring member. 
5 [0031] In the above mentioned conductor, preferably, the film containing conductive hard carbon is fonned on a 
surface of at least one of a conductive fiber cloth and elastic material. 

[0032] Thus, the underiying conductive fiber doth and elastic material facilitates soldering or welding, and the film 
containing conductive hard carbon of the upper layer can provide a spring member with good wear resistance. 
[0033] In the above mentioned conductor, preferably, the films containing conductive hard carbon are fomned on 
10 . surfaces of the conductive bristles, which are bundled In a brush-lilce fomri. 

[0034] Since the electricity supplying member in the brush-lll(e form has good wear resistance, the conductive part 
has a longer useful life. 

[0035] In the above mentioned conductor, preferably, the linear element or conductive fiber includes carbon fiber or 
metal. 

IS [0036] Since the base material Includes carit)on fiber or metal, it can be contained in various types of materials. 
[0037] In the above mentioned conductor, preferably, the conductive hard carbon includes at least one of diamond 
like cariDon (DLC), amorphous carbon (a-C), and conductive diamond. 

[0038] The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
20 nying drawings, provided by way of example. 

[0039] Fig. 1 is a cross sectional view schematically showing the structure of a conductor according to a first em- 
bodiment of the present invention. 

[0040] Fig. 2 is a cross sectional view schematically showing the structure of a conductor according to a second 
embodiment of the present invention. 
25 [0041] Fig. 3 is a schemata cross sectional view taken along the line Ill-Ill in Fig. 2. 
[0042] Fig. 4 is a schematic cross sectional view taken along the line IV-IV in Fig. 2. 

[0043] Fig. 5 a cross sectional view schematically showing the structure of a conductor according to a third embod- 
iment of the present Invention. 

[0044] Fig. 6A and Fig. 6B are schematic cross sectional views partially showing a conductor according to a fourth 
30 embodiment of the present Invention. 

[0045] Fig. 7 Is a cross sectional view schematbally showing the structure of a conductive DLC coat fiber of Figs. 
6A and 6B. 

[0046] Figs. 8A and 8B are schematic cross sectional views partially showing a conductor according to a fifth em- 
bodiment of the present invention. 
35 [0047] Figs. 9A and 98 are schematic cross sectional views partially showing a conductor according to a sixth em- 
bodiment of the present invention. 

[0048] Fig. 1 0 is a schematic cross sectional view showing conductive materials stretching In the thickness direction 
according to a seventh embodiment of the present invention. 

[0049] Fig. 1 1 is a cross sectional view schematk^ally showing that the conductive materials and conductive DLC are 
40 connected in the thickness direction of the film from the upper to lower surface of the film according to the seventh 
embodiment of the present invention. 

[0050] Fig. 1 2 is a schematic cross sectional view shown in conjunction with an Intermediate layer. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 

[0051] Now, embodiments of the present invention will be described. 
First Embodiment 

50 [0052] Referring to Fig. 1 , a conductor 10 of the present embodiment forms a key contact, having conductive DLC 
films 1 a, 1 b, conductive bases 2a, 2b, and a conical spring electrode 3. Conductive DLC film 1 b is formed on conductive 
base 2b. Conductive DLC film la is formed on conductive base 2a and supported by conical spring electrode 3 to be 
brought into contact with conductive DLC film lb. Note that conductive bases 2a, 2b are fomned of a metal such as 
copper. 

S5 [0053] When a button such as a ten key and function key Is pressed, conical spring electrode 3 is def lexed. Thus, 
conductive DLC film 1 a is brought into contact with conductive DLC film 1 b for electrical connection, or conductive DLC 
film la is brought out of contact with conductive DLC film 1b for electrical disconnection. In this way, the states of 
electrical connection and disconnec^on are switched. 
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[0054] In the present embodiment, since the contact portion has a hard carbon film such as conductive DLC films 
la, lb the contact portion has enhanced oxidation resistance, strength, and hence wear resistance. Thus, even if the 
connecting number (or time) of the conductive parts increases, degradation of the contact portion is suppressed to 
provide a longer useful life. 

5 

Second Embodiment 

[0055] Referring to Fig. 2, a conductor 1 0 of the present embodiment fonms a plug contact, having elastic fiber woven 
cloths 1c. 1d covered by a conductive DLC, conductive bases 2c, 2d, and cables 6a, 6b. 
10 [0056] Elastic fiber woven cloth 1 d covered by the conductive DLC is connected to the inner surface of conductive 
base 2d of a receiving plug 5b for example by welding as shown in Fig. 3. Elastic fiber woven cloth 1 d is designed such 
that a metal fiber is positioned on the surface facing conductive base 2d and the conductive DLC Is positioned at the 
contact. 

[0057] Elastic fiber woven cloth 1c covered by the conductive DLC is connected to the outer surface of conductor 
15 base 2c of plug 5a for example by welding as shown in Fig. 4. Elastic fiber woven cloth Icis designed such that the 
metal fiber is positioned on the surface in contact with conductive base 2c, and the conductive DLC is positioned at 

the contact. . 

[0058] Note that each of conductive bases 2c, 2d is electrically connected to cable 6. 

[0059] By Inserting and extracting plug 5a to and from receiving plug 5b, elastic fiber woven cloths 1c, Id, covered 
20 by the conductive DLC, are brought into contact to provide electrical connection or brought out of contact to provide 
electrical disconnection. Thus, the states of electrical connection and disconnection can be switched. 
[0060] In the present embodiment, a hard carbon film such as a conductive DLC film is fomned at the contact portion. 
Thus, the contact portion has enhanced oxidation resistance, strength, and hence wear resistance. Accordingly, even 
if the number of contacts (or time) of the conductive parts increases, degradation and the contact portion is suppressed 
25 to provide a longer useful life. 

[0061] Since elastic fiber woven cloths 1c, Id covered by the conductive DLC is used for the contact portion, the 
fiber cloths facilitate soldering or welding with respect to conductive bases 2c, 2d. In addition, a spring member with 
good wear resistance can be provided by the film containing the conductive hard carison. 

30 Third Embodiment 

[0062] Referring to Fig. 5, a conductor 10 of the present embodiment forms a sliding contact with use of a brush 
power supply electrode, having an elastic bristle 1e covered by the conductive DLC, a conductive boron-doped diamond 
film 1f, and conductive bases 2e, 2f. 
35 [0063] Elastic bristles 1 e each covered by the conductive DLC are bundled together in a brush-like shape and sup- 
ported by conductive base 2e. Conductive diamond film 1f is fonmed on conductive base 2f. 
[0064] Movement (e.g., rotation) of one of the above mentioned conductive bases 2e and 2f causes elastic bristle 
1e covered by the conductive DLC to slide over conductive diamond film 1f. Thus, electrical connection of 1e and If 
is maintained. 

40 [0065] In the present embodiment, sinc^e a hard carbon film such as a conductive DLC film or conductive diamond 
film is fonmed at the contact portion, the contact portion has enhanced oxidation resistance, strength, and hence wear 
resistance. As a result, if the sliding time of the conductive parts increases, degradation of the contact is suppressed 
to provide a longer useful life. In addition, if a material which has less wear resistance Is selected for the brush side of 
both surfaces of the contact, the useful life can be further prolonged. 

45 

Fourth Embodiment 

[0066] For each contact of the above described first to third embodiments, a conductive base 1 2 cx)ntaining cx)nduc- 
tive DLC coat fibers 11 as shown in Figs. 6A and 6B may be used. 
so [0067] Conductive DLC coat fiber 1 1 has conductive fiber 2g of cartDon fiber, metal (such as copper) or the like, which 
is covered by cx)nductive DLC film 1 g. Conductive base 1 2 is fonmed of carbon fiber, metal (such as copper) or the like. 
[0068] Note that Fig. 68 is a cross sectional view taken afong the line VI-VI of Fig. 6A. 

Fifth Embodiment 

55 

[0069] For each of the contacts according to the above described first to third embodiments, a woven cloth with 
woven conductive DLC coat fibers 11 as shown in Figs. 8A and 88 may be used. Conductive DLC coat fibers 11 each 
has a structure as shown in Fig. 7. 
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[0070] Note that Fig. 8B is a cross sectional view taken along the line VIII-VIII of Fig. 8A. 
[0071] Thus, a contact portion of a spring mennber with elasticity and durability can be provided. 

Sixth Embodiment 

5 

[0072] For each of the contact according to the above described first to third embodiments, a woven cloth may be 
used having woven conductive DLC coat fibers 11 shown in Figs. 8Aand SB which is Impregnated with a thermosetting 
resin 13 as shown in Figs. 9A and 98 and then subjected to carbonization. 
[0073] Note that Fig. 9B is a cross sectional view taken along the line tX-IX of Fig. 9A. 

10 

Seventh Embodiment 

[0074] For each of the contacts according to the above described first to third embodiments, a film may be used 
having a conductive part with a resistivity that is lower than that of conductive hard carbon (DLC, a-C) and having the 
IS above described conductive hard carbon, which are simultaneously formed. 

[0075] Thus, a greater conductivity is provided by the conductive material while maintaining hardness by the con- 
ductive hard carbon. In addition, since the conductive hard cariDon and conductive part are simuttarieously fomned, the 
process would not biscome complicated. 

[0076] In this case, It is preferable that the film has conductive parts 1 hb with low resistivity that are distributed In 
20 conductive hard carbon 1 ha in the thickness direction of film 1 h as shown in Fig. 1 0. Thus, since a cunrent flows through 
path I, for example, conductive hard carbon 1 ha with relatively high conductivity can be reduced in length, whereby a 
greater conductivity is provided. 

[0077] Further, preferably, conductive part 1 hb and conductive hard carbon 1 ha are connected in the thickness di- 
rection of film 1 h from the upper to lower surface as shown in Fig. 11 . This gives a higher conductivity to film 1h and 
25 good adhesion is obtained in the thickness direction. 

[0078] Note that, in the above described first to seventh embodiments, the contact portion is not limited to the film 
containing the conductive DLC. Alternatively, a film containing conductwe a-C may be used, and any film that contains 
the conductive hard carbon may be employed. 

[0079] In the above described first to seventh embodiments, a conductive intermediate layer 4 may be provided 
30 between film 1 containing the conductive DLC and conductive base 2 as shown In Fig. 12. This provides improved 
adhesion between film 1 containing the conductive DLC and conductive base 2. 

[0080] Preferably, in the above described first to seventh embodiments, the film containing the conductive hard car- 
bon has a resistivity of at least 5 x 1 0"5 n and at most 1 0U cm. Thus, the contact portion has a lower contact resistance. 
[0081] In addition, the film containing the conductive hard carbon can be readily formed by vapor phase epitaxy such 
35 asCVDorPVD. 

[0082] Now, experimental examples of the present invention will be described. 

Experimental Example 1 

40 [0083] Six types of conductive DLC films as shown in the following Table 1 were formed on copper substrates of a 
conical spring and a receiving skJe contact that form a key contact for a portable telephone. For comparison, a contact 
without a conductive DLC was prepared. After perfonming ten thousand contact operations, the contact resistance at 
the key contact was measured. The results are also shown in the following Table 1 . 
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[0084] Table 1 shows that the contact with a DLC film did not experience any change In properties such as oxidation, 
exhibiting good contact performance. On the other hand, the contact not with a DLC film had extremely high contact 
resistance after connecting operations. 

5 Experimental Example 2 

[0085] Conductive DLC films were fomned on carbon fibers to have a thickness of about 0. 3 ^un. An electrode with 
these short fibers connected by a thermosetting resin is set as a brush electrode for a motor In addition, a motor having 
a rectifier which is different only In the materials of the electrode and bmsh (namely, a rectifier having an electrode 
10 brush of a general cart>on and not provided with a conductive DLC film) was manufactured. These motors were sub- 
jected to a rotation test. 

[0086] The result of the rotation test showed that the DC motor with the conductive DLC could continuously rotate 
for at least ten hours, but a general DC motor could rotate no more than three hours because of brush wearing. 

15 Experimental Example 3 

[0087] A bristle was manufactured by simultaneously forming a conductive DLC and copper on a stainless fine wire, 
which has a diameter of 50 pm and which has been copper-plated, to have a thickness of about 0.5 ^m. Further, an 
elastb cloth-like plate material was fonrted in the thbkness direction by weaving the resultant bristles. A connector 
20 obtained by simultaneously forming films of Cr and conductive DLC on the surfaces of the contact was prepared, and 
the above mentioned cloth-like elastic conductor was Inserted to the Inner contact portion of the receiving connector. 
As a result, even after repeatedly inserting and extracting the connector, the inserted cloth-like elastic conductor func- 
tioned as a spring part, thereby ensuring stable contact and good contact resistance. 

[0088] On the other hand, as a comparison example, a connector having the same structure but copper-plated was 
25 prepared. A plate obtained by copper-plating and corrugating a stainless was Inserted between the contacts of the 
connector. 

[0089] As a result, the contact resistance of the comparative example was no more than 50% of the original value 
after 1 ,000 insertion/extraction operations, whereas the connector with the conductive DLC of the present invention 
maintained 95% of the original value even after 1 ,000 insertion/extraction operations. 
30 [0090] As in the foregoing, according to the conductor of the present invention, since the contact of the conductive 
parts contains conductive hard carison, the contact Is provkied with enhanced oxidation resistance, strength, and hence 
wear resistance. Thus, even if the number of contacts of the conductive parts (or time) increases, degradation of the 
contact is suppressed to provide a longer useful life. 

[0091] Although the present invention has been described and illustrated In detail, it is clearly understood that the 
35 same is by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the 
present inventk>n being limited only by the terms of the appended claims. 



Claims 

1 . A conductor having a plurality of conductive parts (1 a, 1 b) and rendered conductive when said plurality of conduc- 
tive parts (1 a, 1 b) are brought into contact, wherein at least one conductive part (1 a) of said plurality of conductive 
parts (1 a, 1 b) has a film containing conductive hard carbon at a contact portion with respect to another conductive 

part (1b). 



45 



A conductor according to claim 1 , wherein said film containing the conductive hard cart)on has a resistivity of at 
least 5 x 1 0-5 a cm and at most 1 0 a cm. 



3. A conductor according to claim 1 or claim 2. wherein said conductor is adapted to switch between electrically 
so connected and disconnected states as sakj plurality of conductive parts (1a, lb) are switched between contact 

and non-contact states. 

4. A conductor according to any one of the preceding claims, wherein a contact portion of at least one conductive 
part (1 a. 1 e) of said plurality of conductive parts (1 a, 1 b, 1 a, 1 f) and said another conductive part (1 b, 1 f) slides 

55 or opens/closes. 

5. A conductor according to any one of the preceding claims, wherein said film containing the conductive hard carbon 
is formed by vapor deposition. 
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6. A conductor according to any one of the preceding claims, wherein said film (1 h) containing the conductive hard 
carbon includes a conductive material (1 hb) having a resistivity lower than that of said conductive hard carbon (1 ha). 

7. A conductor according to claim 6, wherein said conductive materials (1 hb) are distributed In said film (1 h) containing 
5 the conductive hard carbon as being stretched in a thickness direction of said film (1 h) containing the conductive 

hard carison. 

8. A conductor according to claim 6 or claim 7, wherein said conductive hard carbon (1ha) is continuously provided 
in said film (1h) containing the conductive hard carbon from an upper surface to lower surface in the thickness 

10 direction. 

9. A conductor according to any one of the preceding clainns, wherein said film containing the conductive hard carbon 
is formed at any of a key contact, plug contact, printed circuit board contact, and sliding contact. 

'5 10. A conductor according to any one of clairns 1 to 8, wherein saki film containing the conductive hard carbon is 
fonned on a surface of a linear element. 

11. A conductor according to claim 10, wherein said linear element fomned on its surface said film containing the 
conductive hard carison is provided in a base including a metal or carbon. 

20 

12. A conductor according to any one of claims 1 to 8, wherein said film containing the conductive hard cari^on is 
formed on surfaces of conductive fibers, and said conductive fibers are woven. 

13. A conductor according to any one of claims 1 to 8, wherein said film containing the conductive hard carbon is 
25 formed on a surface of at least one of a conductive fiber woven cloth and elastic material. 

14. A conductor according to any one of claims 1 to 8, wherein sakj film containing the coriductive hard carit)on is 
formed on surfaces of conductive bristles (1 e), and said conductive bristles (1 e) are bundled In a brush-like shape. 

30 15. A conductor according to claim 1 0, wherein said linear element includes a cart>on fiber or metal. 

16. A conductor according to claim 12, wherein said conductive fiber includes a carbon fiber or metal. 

17. A conductor according to any one the preceding claims, wherein said conductive hard carbon has at least one of 
35 a diamond like carison (DLC), amorphous carbon (a-C), and conductive diamond. 
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